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Ontogenesis of 28 kDa vitamin D-induced calcium—binding protein in
human kidney. The kidney distribution of 28 kDa vitamin D-induced
calcium binding protein (CaBP) was studied in 15 fetuses (11 to 33
weeks old), six children and adults (12 days to 32 years old) by
immunocytochemistry using a specific antibody to rat renal 28 kDa
CaBP. Similar results were obtained on frozen and fixed tissues.
Kidneys from one adult and three fetuses were studied by immuno-
electronmicroscopy for antigen localization at the subcellular level
using the indirect immunoperoxidase technique. The 28 kDa CaBP was
present in all kidneys from the eleventh week of gestation. At that
stage, all deep parts of collecting ducts were homogeneously stained
and a few distal tubules located in the deep cortex were intensely
labeled. No labeling was observed in the early stage of nephron
differentiation (S-body). 28kDa CaBP distribution changed with kidney
maturation. There was a progressive reduction of the deep part of
collecting duct labeling and a concomitant increase in the number and
intensity of stained distal tubular cells. At the ultrastructural level, 28
kDa CaBP was observed in the cytosol and the nuclear euchromatin.
Our study demonstrates the early cellular synthesis of 28 kDa CaBP and
its transient expression by deep collecting duct cells during early fetal
life, at a time when only a few distal convoluted tubular cells synthetize
it.
Renal 28 kDa Vitamin D-dependent calcium binding protein,
calbindin, (28 kDa CaBP) belongs to the large family of intra-
cellular proteins whose members share a high affinity for
calcium. Some of them, including parvalbumin and calmodulin,
are ubiquitous, whereas the CaBPs are characterized by their
specific tissue distribution and their dependence upon vitamin
D. CaBPs were first discovered by Wasserman and Taylor in
chick intestinal mucosa [11 and have since been identified in
other chick tissues and in the tissues of numerous other species
[2—81. There are presently four classes of vitamin D-dependent
CaBPs, each having a characteristic molecular weight and
tissue distribution [6].
One of the renal CaBPs present in birds and mammals has a
molecular weight of 28,000. This 28 kDa CaBP has been
localized in the chicken kidney immunohistochemically [5,
9—12] and by microdissection and subsequent radioimmuno-
assay [13]. Immunohistochemical localization of this renal 28
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kDa CaBP has also been studied in mammalian [9, 12, 14—16]
and human [9, 15—16] mature kidneys, using antibodies raised
against chick duodenal CaBP [10—12, 14—16], human cerebellar
[16] or renal [9] 28 kDa CaBP. The protein is present in the
distal convoluted tubule (DCT) and in the cortical part of the
collecting duct of mature human kidneys. A second CaBP (9
kDa CaBP) has been located in the mouse nephron [16]. This
species—specific CaBP was found in the cells of the DCT, the
thick ascending limb of the loop of Henle, and along the entire
length of the collecting ducts.
Little is known of CaBP distribution during renal ontogenesis
[7, 14, 17, 18] and most studies have been carried out on rats [7,
14, 17]. In the present study, immunohistochemical techniques
were used to investigate the appearance and distribution of
renal 28 kDa CaBP during normal human renal ontogenesis.
The distribution of 28 kDa CaBP antigen during fetal period was
compared with the localization of the same protein in post-natal
kidneys.
Methods
Antibodies against purified rat renal 28 kDa CaBP
Antibodies against the 28 kDa CaBP were prepared as
described [19]. CaBP was isolated from rat renal cortex, puri-
fied by a procedure involving heat denaturation, Sephadex
G 100 chromatography, chromatofocusing using PBE 94 and DE
52 cellulose columns, and gel permeation HPLC. The im-
munserum raised in rabbits against purified renal 28 kDa CaBP
was tested for its specificity by Ouchterlony double immuno-
diffusion tests and by radioimmuno assay [19]. These antibodies
cross react with human and other mammals 28 kDa CaBPs. No
cross reactivity exists with mammal intestinal 9 kDa CaBP, skin
CaBP, calmodulin and S-100 protein [19].
Kidney specimens
Normal human kidneys were obtained at necropsy from 15
fetuses (gestational age 11 to 33 weeks), five children (12 days to
three years old) and from one 32-year-old man. Thick sagittal
slices of kidney tissue were fixed in formol, alcohol or Carnoy's
fixative and embedded in Paraplast for optical immunohisto-
chemistry. Specimens from same kidneys were also quick—
frozen in liquid nitrogen. For immunoelectron microscopy,
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Fig. 1. Fetal human kidney (15 weeks of gestation) stained with anti-28 kDa CaBP antibodies by indirect immunoperoxidase method (X 140). (A.)
Medullary section, diffuse and homogeneous labeling of deep collecting ducts (arrow). One DCT at the juxtamedullary junction is stained (double
arrow). (B.) Cortical section. A few DCT are stained (double arrow) Ampullary cells are negative (arrow).
kidney tissue from one 14-month-old child (perfused kidney for
transplantation) and from three fetuses (20, 24 and 27 weeks of
gestation) were fixed for 24 hours in 4% paraformaldehyde in
0.1 Mcacodylate buffer, pH 7.4. Other samples from same
fetuses specimens were also fixed for 24 hours in 4% paraform-
aldehyde in 0.1 M cacodylate buffer containing 0.5% glutaral-
dehyde.
Standard light microscopy
Deparaffinized sections were stained with hematoxylin and
eosin, silver nitrate, trichome tight green or periodic—acid—
Schiff with hematoxylin.
Optical immunohistochemical staining
Deparaffinized sections and acetone—fixed cryostat sections
were incubated for 12 hours in a moist chamber at 4°C with
anti-28 kDa CaBP antibodies (diluted 1/1000 with PBS). After
thorough washing with PBS, sections of each specimen were
immersed in sheep anti-rabbit IgG F(ab')2 fragments conjugated
to peroxidase (Biosys, Compiègne, France). Peroxidase activ-
ity was revealed by reaction with 0.05% 3,3'-diaminobenzi-
dine—hydrochloride acid (Sigma grade II) DAB in 0.05 M Tris
buffer (pH 7.6), containing 0.01% H202 for five minutes. Some
sections were counter—stained with hematoxylin. In other sec-
tions, the anti-28-kDa CaBP antibodies were visualized with
fluorescein isothiocyanate (FITC)-coupled sheep—anti-rabbit
IgG F(ab')2 fragments (Biosys). Slides were washed and
mounted in glycerine PBS (9:1).
Control sections were treated by replacement of the CaBP
antiserum by: 1) antigen—absorbed serum (1.6 mg of purified rat
CaBP per ml of undiluted antiserum); and 2) homologous
non-immune rabbit serum.
Specimens were examined with a Leitz orthoplan microscope
(Leitz Inc., Heerbrugg, Switzerland) equipped for epifluores-
cence using FITC/50 filter, and for phase contrast microscopy.
Photographs were taken using Kodak Ektachrome 160 tungsten
and Kodak Panatomic X film (Eastman Kodak Inc., Rochester,
New York, USA) for immunofluorescence and immunoper-
oxidase techniques, respectively.
Immunoperoxidase techniques for electron microscopy
Tissue specimens were cut into 10 to 20 m thick sections
with a Vibratome (Oxford Instruments) and the sections incu-
bated, with constant agitation, with primary antibody (diluted
1/500 in PBS) for five hours at room temperature. The sections
were washed for 24 hours in cacodylate buffer and incubated for
five hours in peroxidase—labeled F(ab')2 fragment from goat
anti-rabbit IgG (Biosys) diluted 1/20 in PBS. The sections were
washed in cacodylate buffer for 24 hours. Peroxidase activity
was revealed using a two—step procedure [201: the sections were
first incubated in a freshly prepared solution of 3-3'diaminoben-
zidine (Sigma Grade II) 1 mg/ml, in 0.2 M Tris-HC1 buffer, pH
7.6, for 45 minutes at room temperature, and then incubated for
15 minutes in the same solution containing 0.001% hydrogen
peroxide. Sections were post-fixed with 0s04, dehydrated and
flat—embedded in Epon. Semithin and ultrathin sections were
cut using a Reichert OMU2 ultramicrotome (Reichert—Jung,
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Fig. 2. Fetal human kidney (20 weeks of gestation) stained with anti-28-kDa CaBP antibodies by indirect immunoperoxidase method. (A.)
Medullary section. Discontinuous staining of collecting duct cells (x 345). (B.) Superficial cortex section. Irregular staining of collecting duct cells
(arrow). Ampullary cells are unstained. A distal tubule (D) corresponding to immature glomerulus (G) is unstained (x 345) (C.) Mid-cortex section.
Marked but irregular staining of mature distal tubule (arrow), moderate and irregular staining of connecting segments (x 640).
Results
Standard light microscopy
In each of the 15 fetal kidneys studied the various steps of
nephron differentiation could be observed on sagittal sections.
Undifferentiated mesenchyme, vesicles, comma—shaped and
S-shaped bodies were located beneath the capsule. Late S-
shaped bodies with early developing capillary loops, con-
stricted glomeruli with growing tubules, and maturing glomeruli
with more differentiated tubular segments were progressively
observed from the superficial cortex to the juxtamedullary
junction. Long connecting segments, presumably related to
arcades, were observed from the eighteenth week of gestation.
Optical immunohistochemistry
Fig. 3. Fetal human kidney (26 weeks of gestation) stained with anti-28
kDa CaBP antibodies by indirect immunoperoxidase method in the
cortical section (X 330). Irregular staining of connecting duct cells
(arrow). Strong labeling of DCT cells (double arrow).
Paris, France) and thin sections were examined with a Siemens
Elmiskop 101 electron microscope.
Controls included sections treated with non-immune rabbit
IgG and sections treated with peroxidase labeled F(ab')2 alone.
The same distribution of 28 kDa CaBP was observed with all
the preparative procedures used, indirect immunofluorescence
of frozen tissue, immunoperoxidase and immunofluorescence
of paraffin embedded tissue. Accurate identification of fluores-
cent structures was obtained by combining phase contrast and
fluorescence microscopy. No labeling was observed on control
sections.
All fetal kidney sections were stained with anti-28 kDa CaBP
antibodies but tissue distribution was clearly age—dependent.
Three successive patterns of 28 kDa CaBP localization were
observed.
11 and 15-week—old fetal kidneys (two specimens). Deep parts
of collecting ducts were predominantly labeled. Staining was
intense, homogeneous, and evenly distributed in both cytoplas-
mic and nuclear components of all cells (Fig. 1A). Staining of
cortical collecting ducts was faint, discontinuous and irregular
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in intensity. Ampullary dilatations located at the extremities of
ureteric bud branches were usually unstained (Fig. 1B). Undif-
ferentiated mesenchyme was unstained as were the earliest
nephronic structures located in the superficial cortex: vesicles,
comma—shaped and S-shaped bodies, tubular structures asso-
ciated with immature non-constricted glomeruli. Small tubular
profiles in the mid- and deep cortex were stained (Fig. 1). They
were located near to completely constricted glomeruli and
corresponded to the DCT of the more mature nephrons. Nu-
clear staining was prominent in these cells.
18 to 23-week—old fetal kidneys (seven specimens). 28 kDa
CaBP was still present in deep collecting ducts. Staining was
not uniformly distributed: some cells were unstained; the inten-
sity of the labeling varied from cell to cell; in positive cells,
some nuclei were unstained (Fig. 2A). Cell staining in the
cortical collecting ducts, although discontinuous, was more
intense than in the deep segments (Fig. 2B). Ampullae and
immature structures were negative (Fig. 2B). Cell labeling
appearing in DCT corresponded to nephrons with a completely
constricted glomerulus. It was intense within DCT of the
juxtamedullary region. Connecting segments of the developing
arcades were labeled (Fig. 2C). Some of the cells in positively
stained DT and connecting segments remained unstained. Nu-
clear staining was present in most positive cells.
26 to 33-week—old fetal kidneys (six specimens). The 28 kDa
CaBP was present in only a few medullary collecting duct cells.
Moderately stained cells were irregularly distributed through-
out the cortical collecting ducts and the connecting segments
(Fig. 3). DCT cells were heavily labeled (Fig. 3). There was an
increasing gradient of both the number of positive cells and the
intensity of cytoplasmic labeling from the mid cortex to the
cortico—medullary junction. Nuclear staining was prominent in
the less mature nephrons. Some stained DCT cells of the
deepest cortex had unstained nuclei.
Post-natal kidneys (six specimens). No stained tubular cells
were usually detected in the medulla. However, faint cytoplas-
mic staining was observed in a few isolated collecting ducts of
Fig. 4. Mature kidney. Staining with anti-28
kDa CaBP antibodies by indirect immunoper-
oxidase method. (A.) Corticomedullary kidney
section from a 32-year-old-man (x 100). Mod-
erate staining of cortical duct cells in the up-
per cortex (arrow). Strong staining of distal
tubules (double arrow). (B.) Cortical kidney
section from a 3 year-old child (x 520). Irreg-
ular distribution of labeling in DCT cells (ar-
row). Macula densa (MD) and proximal con-
voluted tubules (PCT) are unstained.
two patients (one and three years old). The collecting ducts
within the medullary rays were moderately labeled (Fig. 4A).
Positive cells progressively decreased in number and staining
intensity toward the medulla. Most of the DCT cells were
positive (Fig. 4A), but the intensity and the distribution of the
DAB reaction product varied from cell to cell (Fig. 4B) both in
the cytoplasm and the nucleus; in some cells, negative nuclei
were surrounded by heavily labeled cytoplasm. Some DCT
cells were completely negative. No reaction product was ob-
served within glomeruli, proximal tubules, thin and thick as-
cending limbs of Henle and macula densa at any kidney
developmental stage. Interstitial and vascular cells were nega-
tive.
Electron microscopy
Labeled cells had a characteristic subcellular staining pat-
tern. Reaction product impregnated the cytosol, but cytoplas-
mic organells were not labeled and appeared clear against the
dark background (Fig. 5). The density of the reaction product
varied according to the type of tubular segment. Some nuclei
were also labeled; labeling appeared as variable numbers of
small clumps of reaction product restricted to the euchromatin
part of the nucleus. All types of labeling were observed, from
small spots of reaction product dispersed in the euchromatin
area to heavy accumulations obscuring the nuclear structure.
Stained nuclei were, however, morphologically well preserved.
No labeled nuclei were observed in cells with unlabeled cyto-
plasm.
Fetal kidneys (three specimens, 20 to 27 weeks of gestation).
Labeling was found in two kinds of tubules: 1) Collecting
tubules. These large tubules showed three distinct morpholog-
ical areas: (i) a deep corticomedullary portion, lined by cuboid
epithelial cells encircling a well defined lumen; (ii) an outer
immature portion characterized by columnar epithelial cells
with a high nucleus cytoplasm ratio. This part enlarged to form,
in the more superficial cortex (iii) the ampullary extremity. The
inner parts of the collecting tubules were irregularly labeled. A
—I. ]
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Fig. 6. Immunoelectron microscopy. 24-week—old fetus, deep cortical
collecting duct. Unlabeled cells are interspersed with slightly (arrow) or
intensively (double arrow) labeled ones (X 3,600).
Fig. 5. Immunoelectron microscopy. 27-week—old fetus, outer medul-
lary collecting duct. Typical staining pattern. Reaction product is
diffusely present on the cytosol. Intracytoplasmic organels are not
stained. The nucleus (N) is unlabeled (x 15,000).
minority of cells were stained, and the cytoplasm was diffusely
covered by reaction product (Fig. 6). The outer portion of the
collecting ducts showed a patchwork of labeled and unlabeled
cells. When present, reaction product was abundant with an
increased staining toward the basal pole, Some nuclei also
contained reaction product. The ampullary extremity was al-
ways completely unlabeled.
2) Distal convoluted tubules: these tubules were character-
ized by their smaller diameter and were mainly localized in the
middle and deep regions of the cortex, around constricted
glomeruli which already contained several dilated capillary
loops. The epithelial cells had a round central nucleus and the
cytoplasm was rather well developed with a prominent apical
pole and a few microvilli on the plasma membrane. Basal
interdigitating processes were still poorly differentiated.
Mitochondria were randomly scattered. In two cases, these
tubules had a special pattern of staining. There were heavy
accumulations of reaction product at the basal pole of the cells
which decreased toward the lumen. In many cells, reaction
product was restricted to the basal cytoplasm underlying the
nucleus (Fig. 7). In the third fetus, this polarity of reaction
product was rare, all the cytoplasm being colored. Some cells
were completely free of reaction product in all specimens.
Many nuclei were labeled (Fig. 7); the intensity of the labeling
was highly variable and appeared to be independent of the
cytoplasmic staining.
Infant kidney (one specimen). The DCT were more heavily
stained than the cortical collecting tubules. The intensity of
staining was the same in the initial collecting ducts and the
medullary ray collecting ducts. No other kidney structure was
labeled.
DCT were easily identified because of the deep infoldings of
the basal plasma membranes and the abundance of
mitochondria. Heavily labeled cells sharply contrasted with
completely unlabeled ones. Unlabeled cells were often isolated
between labeled cells (Fig. 8) or clustered along short segments
of the tubule. In some sections, reaction product appeared to
predominate at the apical pole of the cells. When a labeled cell
was adjacent to a clear one, the interdigitating stained and
unstained cellular processes could be distinguished (Fig. 9).
There was no apparent morphological difference between
stained and unstained cells; both had the same mitochondria
content. The nuclei of stained cells were frequently and di-
versely labeled, but some very heavily stained cells contained
unlabeled nuclei.
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Fig. 7. Immunoelectron microscopy. 24-week—old fetus, distal convoluted tubule. Cellular differentiation has not yet occurred. Reaction product
is present in most cells and predominates at the basal pole. Apical cytoplasm is not stained (arrow). Nuclei present a large diversity of labeling as
shown by the variable amount of reaction product in the euchromatin area (asterisk) Some nuclei are completely unlabeled (X 6,000).
Cortical collecting ducts were characterized by larger, cuboid
cells with a more basal nucleus, scarce infoldings of basal
plasma membranes and fewer mitochondria. These ducts
showed moderately stained cells with variable amount of reac-
tion product. Isolated clear cells were frequently observed and
the occurrence of completely unlabeled segments increased
toward the medulla.
Discussion
The distribution of 28 kDa CaBP in developing human
kidneys has been investigated immunohistochemically using a
specific antibody raised against rat renal 28 kDa CaBP, which
cross—reacts with human 28 kDa CaBP [191. This study was
performed on kidney tissue fixed in Carnoy's fixative, since
satisfactory results have been obtained previously with coagu-
lating fixatives [101. Taylor [211 showed that there was a risk of
antigen relocation when frozen sections were used. However,
in our hands, frozen tissue and tissues fixed with coagulating
fixatives or formaldehyde solution showed the same distribu-
tion of 28 kDa CaBP.
In all fetal kidneys, the various steps of nephron differentia-
tion were characterized according to Potter's nomenclature
[221.
CaBP was predominantly located within cells of the deep part
of collecting ducts in the youngest fetuses studied (11 and 15
weeks of gestation). Light, patchy staining was also observed in
cortical collecting ducts. A few DCT profiles showed intense
immuno-staining for CaBP within the cytoplasm and nucleus as
early as the eleventh week of gestation. With maturation, there
was a progressive decrease in deep collecting ducts staining
with a parallel increase in the number of positive DCT cells.
The 28 kDa CaBP appears quite late in the process of nephron
development. It was never observed at the primary stages of
nephrogenesis and was present only in DCT associated with
completely constricted glomeruli. Electron microscopic exam-
ination showed that these DCT were still undifferentiated and
mainly corresponded to DØrup and Maunsbach's [23] stage III
developing nephrons. Most of the DCT cells in the mature
kidney were strongly 28 kDa-CaBP-positive, whereas cortical
collecting tubular cells exhibited moderate variable labeling.
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Fig. 8. Immunoelectron microscopy. Eleven—month--old child, distal convoluted tubule, late segment. In most cells, cytoplasm and nucleus are
labeled (asterisk). Some cells are completely free of reaction product (arrows) (x 5,000).
Medullary collecting ducts were negative. No other structure
was stained with anti-28-kDa-CaBP antibodies at any stage of
renal development.
Reaction product was located in the cytosol and less often in
the nuclear euchromatin. It was frequently localized at the basal
part of the cytoplasm of fetal DCT. in contrast to the diffuse
labeling observed in the mature kidney. However, unlabeled
cells contrasted with strongly—labeled adjacent cells in both
fetal and mature kidneys. This variation in cellular staining
might result from partial hydrolysis of 28 kDa CaBP in the
necropsy specimens used. Nevertheless, we observed the same
pattern of staining on human renal biopsies which had been
fixed immediately. Moreover, Roth et al [15] described the
same unequal distribution of CaBP in rat kidneys after a fixation
perfusion procedure which allows the best possible cellular
preservation. Thus the patchy distribution of 28 kDa CaBP does
not result from partial hydrolysis. Its physiological significance
remains unknown.
Our findings on 28 kDa CaBP distribution in mature nephrons
are consistent with those previously described in man [15, 16]
and are not very different from those reported for other species
[10—12, 14—16], where DCT and cortical parts of the collecting
ducts are also CaBP positive. The cytosolic localization of 28
kDa CaBP and the absence of labeling of plasma membranes
and cellular organelles are similar to those previously reported
in rat and chick kidneys [11, 15] in chick duodenal absorptive
cells [24], and in rat cerebellum Purkinje cells [25]. This peculiar
intracellular distribution is compatible with a regulatory role of
the protein on intracellular calcium concentration: CaBP could
prevent high intracellular accumulation of free calcium [6, 26].
Nuclear labeling was found with all the techniques used, frozen
and fixed tissues, fluorescence and peroxidase procedures. This
detection of intranuclear vitamin D-dependent CaBP is in
agreement with previous optical or ultrastructural studies [11,
14, 15, 25].
Few data have been reported concerning the appearance and
distribution of CaBP in fetal kidneys. In rat, CaBP was not
detected by immunohistochemical methods before the 19th
gestational day [17]. Unlike our findings, its distribution was
similar to that in adults. Thomasset, Parkes and Cuisinier—
Gleizes, using biochemical methods and radioimmunoassay,
demonstrated the presence of 28 kDa CaBP molecules in rat
kidney from day 20 of gestation [7] and in human kidney from
the twentieth week of intrauterine life [18]. From our immuno-
histochemical study, it is clear that renal acquisition of CaBP is
an early phenomenon, since 28 kDa CaBP is present as early as
11 weeks in the youngest fetal kidney studied.
Renal CaBP production has been demonstrated to be depen-
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Fig. 9. Immunoelectron microscopy. Eleven—month—old child, distal
convoluted tubule. Basal part of two adjacent cells. Alternatively
stained and unstained (arrows) interdigitating cellular processes
(x 18,000).
dent upon the action of vitamin D3 [5]. According to Norman,
Roth and Orci [6], CaBPs may be regarded as molecular
markers for the presence of 1 ,25(OH)2D3. Receptors for the
1,25(OH)2D3 are present in avian and mammalian kidneys [5, 61.
They have been localized in cells of distal tubules in chick
embryo [271 and mature rats [281 by autoradiographic studies.
Recently, autoradiographic study on isolated rat kidney tubular
segments [29] have shown in addition specific nuclear binding
sites for 1 ,25(OH)2D3 in cortical ascending limb of the loop of
Henle and the papillary portion of medullary collecting ducts. It
should be of interest to study 1 ,25(OH)2D3 receptors in devel-
oping and mature human kidneys and to compare their distri-
bution with CaBPs localization.
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